BIOCHEMICAL SOCIETY TRANSACTIONS philes Pseudomonas indigofera (Shiio et al., 1965) and Chlorella pyrenoidosa (John 8c Syrett, 1967) is apparently similar. In mutant PC2 NG35 cells the lyase accounts for 16 % of the soluble proteins. The corresponding proportion of malate synthase is 2.5% in the wild-type and 6% in the mutant.
A mutant of Bacillus stearothermophilus deficient in pyruvate carboxylase (EC 6.4.1 . l ) is inhibited in its growth in a salts-acetate medium on the addition of lactate or glucose to the acetate culture. Secondary mutants isolated for ability to grow in a salts-acetate lactate medium are still deficient in pyruvate carboxylase but arecapable of synthesizing the glyoxylate-cycle enzyme, isocitrate lyase (EC 4.1.3.1), at an elevated rate (Sundaram, 1973) . We examine here in further detail some of these de-repressed mutants.
Two of the mutants used in this study, PC2 NG35 and PC2 E2, were isolated from salts-acetatelactate culture plates treated with N-methyl-N'-nitro-N-nitrosoguanidine and ethyl methanesulphonate respectively (Sandaram, 1973 (EC 4.1.3.2) , in extracts of cells of the wild-type strain and the three mutants grown in various media. A11 three mutants produce, in comparison with the wild-type strain, elevated amounts of both enzymes. It is noteworthy that the mutants synthesize significant amounts of these enzymes even when growing in media which completely repress their production in the wild-type. It also emerges ( Table 1 ) that all three mutants grow markedly more slowly than the wild-type on acetate as carbon source, despite the high activities of the glyoxylate-cycle enzymes, which fulfil an essential function during growth on this substrate (Kornberg, 1966) . This slow growth is apparently due, in part, to a deficiency of glutamate, as suggested by the finding that the growth rates of the mutants move towards the wild-type rate in media containing glutamate such as salts-glutamate and nutrient broth (Table 1) . Another reason for the slower growth rate may be the synthesis of abnormally high amounts of isocitrate lyase and malate synthase. It has been estimated that in cells of mutant PC2 NG35 grown in a salts-nutrient broth-acetate medium the lyase constitutes 16% and the synthase 6% of the soluble proteins (Chell & Sundaram, 1975) . The synthesis of gratuitously excessive amounts of these enzymes is likely to impose a strain on the energy resources and on the protein-biosynthetic machinery in the mutant. A marked retardation of growth has been observed in a mutant of Aerobacter aerogenes that produces gratuitously high amounts of the inositol-degrading enzymes (Sundaram, 1972) .
A deficiency of glutamate in the thermophilic mutants could be caused by several factors. The abnormally high activity of isocitrate lyase might channel isocitrate along the glyoxylate shunt, thereby decreasing the normal flow of this metabolite through a-oxoglutarate. The same result would be produced by the lower activity of isocitrate dehydrogenase (NADP+-linked, EC 1.1.1.42) synthesized by the mutants in comparison with the wild-type (Table 1) . The low isocitrate dehydrogenase activity is a noteworthy feature of the mutants. The synthesis of malate dehydrogenase (EC 1.1.1.37), another tricarboxylic acid-cycle enzyme, is also depressed in the mutants, but only to a relatively small extent (Table 1) . A third factor, likely to decrease the metabolism of isocitrate to a-oxoglutarate, is suggested by the data presented in Table 2 . A combination of glyoxylate (1 mM) and oxaloacetate (1 mM) powerfully inhibits isocitrate dehydrogenase at all temperatures tested; the individual effects of these two metabolites are moderate and temperature-dependent. The inhibition by oxaloacetate and glyoxylate is apparently a characteristic of isocitrate dehydrogenase in several organisms (Marr & Weber, 1969) . Our preliminary experiments indicate that mutant PC2 NG35 accumulates, during growth in a salts-acetate medium, a metabolite that appears to be glyoxylate; oxaloacetate will presumably be readily available in growing cells. The nature of the lesion in the de-repressed mutants is not clear. The fact that the phenotype of the spontaneous mutant is qualitatively similar to that of the two mutagen-induced mutants may suggest that a single mutation causes this phenotype. Isocitrate lyase and malate synthase therefore appear to be jointly regulated. One might speculate that the primary mutation is in the system regulating the synthesis of these enzymes and that isocitrate dehydrogenase, as well as being inhibited by glyoxylate and oxaloacetate, is subject to repression by these metabolites. Whatever the precise mechanism, the excessive synthesis of the glyoxylate-cycle enzymes produces profound metabolic disturbances. It would be interesting to examine the growth efficiency of these mutants and whether the synthesis of other enzymes is affected in them.
